We present the Penrose limits of a complex marginal deformation of AdS 5 × S 5 , which incorporates the SL(2, R) symmetry of type IIB theory, along the (J, 0, 0) geodesic and along the (J, J, J) geodesic. We discuss giant gravitons on the deformed (J, 0, 0) pp-wave background. *
In this work, we study the Penrose limits of complex marginal deformation of AdS 5 × S 5 , which incorporates the SL(2, R) symmetry of type IIB theory and observe giant gravitons on the deformed (J, 0, 0) pp-wave background. In section 2, we review the generalized complex marginal deformation of AdS 5 × S 5 [15, 16] , and present the pp-wave geometries which are obtained by taking the Penrose limits along the (J, 0, 0) geodesic and along the (J, J, J) geodesic. In section 3, we study the giant graviton solution on the pp-wave background and check the stability by observing small fluctuations about the solution. In section 4, we summarize our results.
Generalized complex marginal deformation
The Lunin-Maldacena SL(3, R) transformation, which generates the gravity dual of the complex marginal deformation [1, 2] The transformation can be generalized by an SL(3, R) transformation
2) which corresponds to the SL(2, R) symmetry of type IIB supergravity. The SL(3, R) transformation LΛ T LM , therefore produces a generalized complex marginal deformation [2, 15] . We consider AdS 5 × S 5 defined by
where R is the radius of AdS 5 and the radius of S 5 . The complex marginal deformation of
where
T =γh −σg, (2.5)
and
(2.7)
The SL(2, R) transformation (2.2) can be identified with torus parameters from an eleven dimensional viewpoint. The parametrization considered in [15, 16] is
with a constraint
R i , (i = 1, 3) are the torus radii before the torus deformation and r 3 is the torus radius of the third direction after the deformation. ξ is the intersection angle between the direction along the first direction and the direction along the third direction. The geometry can be simplified by identifying the axion-dilaton coupling with the torus modulus of the rectangular torus before the torus deformation as
The deformed
We study the Penrose limits of (2.4) along the (J, 0, 0) geodesic and along the (J, J, J) geodesic.
The parametrization to take the Penrose limit along the (J, 0, 0) geodesic is
By taking R → ∞, we obtain the pp-wave geometry
The parametrization to take the Penrose limit along the (J, J, J) geodesic [16] is 16) where the spherical coordinates and the torus coordinates are related by
By taking R → ∞ and shifting the coordinate
, we obtain the pp-wave geometry in the homogeneous plane wave form [17] 2
3 Giant graviton on the deformed pp-wave
We study giant gravitons on the deformed pp-wave (2.14). A static gauge for a brane which wraps the (θ, φ 2 , φ 3 ) directions is
The fields on the three-sphere (2.15) can be parameterized as
is chosen, which is consistent with [13] . A D3-brane is described by the Dirac-Born-Infeld action and the Wess-Zumino term 3
P denotes the pullback of the spacetime field to the brane worldvolume. The D3-brane action in the deformed geometry (2.14) is
The action does not depend on γ while it depends on σ as well as τ 1 and τ 2 . The lightcone momentum 4 of the D3-brane is
and the lightcone Hamiltonian is 8) where M := 2π 2 τ 2 T 3 . The lightcone Hamiltonian can be written as
, the Hamiltonian is extremized at
3 We choose the minus sign for the Wess-Zumino term as it is done in [12] since it is consistent with the conventions of [2, 3] . 4 The conjugate momenta are defined by P± = δL δ(∂τ X ± )
. The upper index and the lower index are related by
The lightcone Hamiltonian has local minima at r = r 0 and r = r + , and a local maximum at r = r − . The radii do not depend on γ while they depend on σ as well as the axion-dilaton parameters τ 1 and τ 2 . The corresponding lightcone energies are E 0 = 0,
Forσ = 0, we have E + = E 0 , i.e., the giant graviton is degenerate with the point graviton. For 0 <σ <
, we have E + > E 0 , i.e., the degeneracy is lifted. The energy of the point graviton is less than the energy of the giant graviton. Therefore the giant graviton becomes energetically unfavorable. Forσ =
, we have r + = r − and E + = E − , i.e., there is a saddle point at r = r ± . The lightcone Hamiltonian has one minimum at r = r 0 . Forσ >
, the giant graviton disappears. The result is consistent with the results of [13, 14] .
The lightcone Hamiltonian in the Penrose limit of (2.11) is obtained by substituting Ξ 1 = csc 2 ξ and τ = τ 1 + iτ 2 = il. The lightcone Hamiltonian for ξ = π 3 in the units of M = 1 and P + = 1 is plotted in Figure 1 . It is qualitatively the same as the one plotted in [14] . The lightcone Hamiltonian forσl = 1 3 in the units of M = 1 and P + = 1 is plotted in Figure 2 . As the intersection angle ξ decreases, the minimum value of the lightcone Hamiltonian increases. We examine the spectrum of small fluctuations about the giant graviton solution following the method of [13, 14, 18] . We fix the lightcone coordinates as The ansatz for the perturbed configuration is r = r 0 + ǫδr,
The components of the pullback D µν = P[g − B 2 ] µν up to the second order of ǫ are
14)
where the metric g ij is defined as
The D3-brane action is 
